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Opinions,  interpretations,  conclusions  and  recommendations  are 
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material . 

_  Citations  of  commercial  organizations  and  trade  names  in 

this  report  do  not  constitute  an  official  Department  of  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations . 

N/A  In  conducting  research  using  animals,  the  investigator (s) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals,"  prepared  by  the  Committee  on  Care  and  use  of 
Laboratory  Animals  of  the  Institute  of  Laboratory  Resources, 
national  Research  Council  (NIH  Publication  No.  86-23,  Revised 
1985) . 

N/A  For  the  protection  of  human  subjects,  the  investigator (s) 
adhered  to  policies  of  applicable  Federal  Law  45  CFR  46. 
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INTRODUCTION: 


API  of  the  ICBG  "Drug  Development  and  Conservation  of  Biodiversity  in  West  and 
Central  Africa,"  provides  data  on  the  variety,  distribution,  abundance  and  dynamics  of 
West  and  Central  African  flora.  AP  2  focuses  on  determination  of  the  chemical 
constituents  of  important  West  African  plants.  APs  3-5  are  focused  on  the  traditional  uses 
and  economic  benefits  derived  from  the  flora.  The  research  conducted  under  Program 
Project  6  is  primarily  concerned  with  development  of  African  medicinal  flora  for  their 
non-antiparasitic  activities,  one  being  anticancer  activity.  Screening  extracts  from 
traditionally  used  plants  can  capitalize  on  traditional  knowledge  in  order  to  provide 
information  about  the  potential  alternative  uses  of  known  plants.  Random  screening  of 
West  African  Flora  for  anticancer  activity  can  provide  information  on  the  utility  of  species 
not  recognized  by  traditional  healers. 


BODY: 

As  described  in  our  approved  statement  of  work  our  approach  is  to  prioritize  cytotoxic 
extracts  based  on  screens  which  can  detect  cancer  relevant  mechanisms  of  tumor  cell 
killing.  We  first  test  extracts  for  the  ability  to  kill  human  cancer  cells  in  culture.  We  then 
utilize  mammalian  cell  based  screens  to  detect  molecules  in  the  extracts  that  interfere  with 
DNA  metabolism  or  the  cell  cycle.  In  the  mechanism  screens  cytotoxic  extracts/molecules 
are  tested  for  enhanced  cytotoxicity  in  mutant  cell  lines  which  lack  various  cancer 
predisposition/tumor  suppressor  gene  functions  (caretaker  functions).  Cytotoxic 
extracts/molecules  showing  no  DNA  directed  activity  are  tested  by  flow  cytometry  for  the 
ability  to  disturb  progression  of  normal  cells  through  the  cell  cycle 
(tumor  suppressor  gatekeeper  functions). 

Extracts  or  molecules  active  in  the  mechanism-based  screens  are  then  examined  for 
molecular  mechanism  of  action  in  purified  enzyme  systems,  and  may  be  tested  for 
anticancer  activity  in  nude  mouse  human  tumor  xenograft  models. 

Our  rationale  for  this  approach  is  as  follows:  One  feature  common  to  most  human  cancers 
is  genetic  instability.  Several  cancer  predisposition  genes  have  DNA  repair  function,  other 
tumor  suppressor  genes  regulate  cell  cycle.  In  addition,  most  of  the  non-hormonal 
chemotherapeutics  in  the  clinic  damage  DNA  directly  or  interfere  with  DNA  metabolism 
or  disjunction.  We  have  found  that  cytotoxicity  serves  as  a  good  first  screen  because  it 
usually  reduces  the  number  of  extracts  to  be  analyzed  in  depth  approximately  10  fold.  The 
screens  described  below  quickly  identify  extracts  containing  molecules  with  key  anticancer 
activities.  Furthermore,  use  of  mammalian  cell  based  screens  allow  rapid  advancement  to 
animal  studies. 

Comparison  among  four  “isogenic”  CHO  lines  identifies  compounds  that  damage  DNA  or 
interfere  with  DNA  metabolism  and  provides  insight  as  to  the  molecular  mechanism  of 
action.  Lead  compounds  are  selected  based  on  their  interruption  of  the  cell  cycle  or  on 
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their  enhanced  toxicity  toward  a  particular  DNA  repair  deficient  cell  line.  The  cell  lines 
used  in  the  mechanism  screen  are  described  in  Table  I. 


Cell  Lines* 

TABLE  I 

AA8** 

CHO  parental  line 

Thompson  et  al.,  Somat. 
Cell  Genet.  6:391  (1980) 

xrs-6 

Ku  80  deficient,  DNA  PK 
&  recombination  deficient 

Jeggo  et  al..  Cancer  Res. 
49:7057  (1989) 

EM9 

XRCC1  &  DNA  ligase  activity 
deficient,  genetically  unstable 

Thompson  et  al.,  Somat. 
Cell  Genet.  6:391  (1980) 

UV20 

ERCC1  deficient,  DNA  excision 
repair  deficient,  XP  homologue 

Thompson  et  al.,  Somat. 
Cell  Genet.  6:391  (1980) 

*A11  CHO  lines  adapted  to  microtiter  culture,  MTT  colorimetric  assay 
**Cell  line  of  choice  for  flow  cytometry 


In  the  current  year  of  activity  78  plant  extracts  from  Nigeria  and  Cameroon  were  screened 
for  cytotoxicity  in  human  cancer  cell  lines.  These  extracts  were  from  plants  used 
traditionally  for  antiparasitic  activity,  and  a  surprisingly  high  85%  were  appreciably 
cytotoxic  toward  the  human  cancer  cells.  Active  extracts  were  screened  further  for 
evidence  of  anticancer  utility.  Of  the  extracts  tested  19,  or  23%,  exhibited  activity 
indicative  of  DNA  strand  break  activity.  Experience  has  shown  that  the  differential 
cytotoxicity  profiles  suggest  specific  mechanisms  of  DNA  damage.  Differentials  in  xrs-6 
cells  are  indicative  of  direct  chemical  double  strand  scission,  or  topoisomerase  II 
poisoning.  Differentials  in  EM9  cells  are  indicative  of  single  strand  scission  (usually  via 
reactive  oxygen  species),  or  topoisomerase  I  poisoning.  None  of  the  extracts  tested 
exhibited  enhanced  activity  indicative  of  covalent  DNA  modification.  Extracts  exhibiting 
these  activities  (e.g.,  848  -  see  spreadsheet  in  appendix)  are  currently  being  tested  in 
purified  DNA  and  human  topoisomerase  assays  in  vitro. 

Several  extracts  were  identified  with  specific  effects  on  the  cell  cycle.  The  most  striking 
effect  is  that  of  extract  799,  which  causes  aneuploidy  in  CHO  cells  (Figure  1).  The 
majority  of  these  data  were  presented  at  the  ICBG  annual  meeting  in  Douala  Cameroon, 
February  2000.  All  testing  results  are  presented  in  the  spreadsheets  in  the  appendix. 
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Figure  1. 


KEY  RESEARCH  ACCOMPLISHMENTS: 


•  78  extracts  were  screened  for  cytotoxicity. 

•  67  (85  %)  of  the  extracts  were  cytotoxic  at  100  ug/ml  or  less. 

•  19  (23  %)  of  the  extracts  appear  to  damage  DNA  or  interfere  with  DNA  metabolism. 

•  1 1  of  14  extracts  exhibited  selective  inhibition  of  cell  progression  through  the  cell 
cycle. 


REPORTABLE  OUTCOMES: 


•  The  majority  of  these  data  were  presented  at  the  ICBG  annual  meeting  in  Douala 
Cameroon,  Februaiy  2000,  and  were  also  included  in  the  ICBG  annual  progress 
report.  Manuscripts  summarizing  these  data  are  in  preparation. 

•  A  Fogarty  International  Research  Collaboration  award  was  applied  for,  but  not 
funded. 

•  This  research  has  supplied  rotation  projects  and  contributed  to  the  training  of  two 
graduate  (Ph.D.)  students  at  the  University  of  Utah. 
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CONCLUSIONS: 


Traditional  medicines  have  been  the  source  of  several  very  important  anticancer  medicines 
(e.g.,  the  vinca  alkaloids,  the  podophyllotoxins  and  the  camptothecins).  The  work  in 
progress  here  has  identified  several  medicinal  plants,  used  traditionally  in  West  Africa,  as 
containing  constituents  with  significant  anticancer  potential.  Significant  progress  has  been 
made  towards  identification  of  the  molecular  mechanism  of  these  lead  compounds.  These 
extracts  are  being  fractionated  and  the  active  components  isolated  via  chromatography  and 
bioactivity  guided  isolation.  These  molecules  possess  the  potential  to  combat  some  of  the 
most  serious  diseases  confronting  mankind  today,  and  as  such  possess  significant 
economic  value  if  that  potential  is  realized. 


RFERENCES: 

1)  Thompson  et  al.,  Somat.  Cell  Genet.  6:391  (1980) 

2)  Jeggo  et  al.,  Cancer  Res.  49:7057  (1989) 


APPENDIX:  (See  Attached  Spread  Sheet  of  Testing  Results) 
NT  =  Not  tested 
»/  =  Positive  result 
+/-  =  Borderline  positive  result 
-  =  Negative  result 


8 


Genus  &  species  Cytotoxicity  XRS  differential  XRS  differential  Second/Third  screen  UV  20  EM9  differential  ID# 

_ IQpg/mL  IQOpg/mL _ Second  screen  XRS _ 
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